The claustrum is a small, yet densely connected region of the brain. Despite well documented connectivity patterns [1] [2] [3] [4] , the function of the claustrum remains unknown. Reports of claustrum neurons sending axons throughout the entire neocortex have captivated the interest of neuroscientists and added intrigue to the mystery of the claustrum's function [5] . The study of claustrum physiology has been challenging because of the experimental issues associated with selectively measuring or manipulating neurons in this structure: the thin elongated geometry of the claustrum has made it difficult to record its activity and perform classic pharmacological manipulations or electrolytic lesions without inevitably perturbing neighboring brain regions. Fortunately, a wealth of new molecular tools have provided methods to selectively manipulate genetically defined neuron populations [6] . As they report in this issue of Current Biology, Atlan et al. [7] have exploited these new techniques to identify, label, and manipulate claustrum neural activity. The authors were able to suppress the firing of a subset of claustrum neurons using pharmacogenetics [6] while mice performed goal-directed behaviors. Their results suggest that the claustrum functions to filter out distracting stimuli in the sensory environment and thus may serve to focus their attention on the task at hand.
The function of the claustrum has been a topic of debate for decades. Crick and Koch [8] postulated the claustrum serves as a 'conductor' of the cortical orchestra, and could give rise to integrated conscious percepts. This theory was grounded in the finding that claustrum neurons were in a position to integrate information from multiple cortical regions, and in turn project back to the cortex to provide a unified multimodal code for complex sensory features. In the mouse, the claustrum connects most prominently with an area of the prefrontal cortex termed the anterior cingulate cortex (ACC) [4, 9] . The ACC sends a dense input to the claustrum, and in turn receives input from more claustrum cells than other areas of the cortex. As the ACC has an established role in attentional processing and short-term memory [10] , it has been hypothesized that the claustrum may also participate in attentional processes. Recently, it was demonstrated that neural activity of ACC neurons projecting to the claustrum is elevated during successful completion of an attention task [11] , but the role of the claustrum itself has yet to be explicitly studied.
To determine if the claustrum is involved in attentional processing, Atlan et al. [7] took a series of anatomical, physiological, and behavioral approaches. First, they identified a gene, Egr2, that is richly expressed in a subset (30%) of claustrum neurons, and not in anatomically neighboring brain regions such as the insula or striatum. Using EGr2-Cre knock-in mice, the authors were able to target claustrum Egr2 cells using Cre-dependent adeno-associated viruses engineered to label and manipulate claustrum Egr2 cells. Harnessing this cell-type-specific access, the authors used pharmacogenetics to inhibit neural activity in the claustrum during the performance of a behavioral task requiring attention. First, they trained mice on a two-alternative-forced-choice task, where mice were required to report the location of a visual stimulus by nose poking at the location of the stimulus. Mice entered the testing area and after a delay period (0.2-3 seconds) an LED flashed in one of two locations. The mice then had to report the location of the visual stimulus by nose poking under the LED. Successful choices were rewarded with brief access to water. This basic task was made more challenging by introducing long delays after entering the testing arena (forcing mice to be patient), and by presenting visual stimuli for shorter periods of time (0.1 seconds).
Mice quickly learn to correctly report the location of the light stimulus and make the right choice on 75% of trials. Because this task requires attention, Atlan et al. [7] predicted that the suppression of claustrum activity should impair task performance [12] . However, performance of the mice remained unchanged following pharmacogenetic claustrum suppression, leading to the conclusion that the claustrum is perhaps not required for the performance of this basic attentional task. The authors then increased task difficulty by presenting an auditory distractor stimulus designed to divert attention away from the task. Under these conditions, control mice also learned very quickly to ignore the auditory distractor; however, claustrum suppressed mice performed poorly, often showing impatient responses by nose poking before the LED stimulus was even presented. This exciting result suggests that the claustrum may play a role in ignoring or 'tuning out' irrelevant sensory stimuli. Moreover, the claustrum may only be recruited in more difficult multisensory tasks.
Atlan et al. [7] went on to use the same suppression strategy to test the role of the claustrum in a more innate behavior, the pup retrieval task. When newborn pups are separated from their mother they emit high frequency distress calls, attracting the mother who fetches the pup and brings it back to the safety of the nest. Pup retrieval is an essential social behavior required for survival and requires the auditory cortex [13, 14] . Similar to the twoalternative-forced-choice task, claustrum suppression did not affect the pup retrieval by mothers. But when the auditory distractor was added, mothers required nearly 400% more time to retrieve their pups, essentially leaving them unattended for long periods of time ( Figure 1) . Again, these data show that although the activity in the claustrum may not be required to perform a basic version of this innate task, in a more challenging environment with multisensory stimuli, the claustrum plays an increasingly important role.
How could the claustrum enable the brain to tune out distracting sensory stimuli? Using fiber photometry to record activity in the auditory cortex, Atlan et al. [7] found that optogenetic activation of the claustrum decreased auditory cortex activity to pure tones. Although the synaptic mechanisms underlying claustrocortical suppression remain unknown, the data suggest distracting stimuli elicit claustrum activity, which may in turn lead to the suppression of irrelevant sensory stimuli from being encoded by cortical networks. It remains unclear, however, how the claustrum could selectively suppress irrelevant sensory activity without interfering with sensory stimuli required for taskdependent behaviors, such as pup vocalization. The authors suggest this may be due to a gain control mechanism where the claustrum would suppress the cortical representation of the distractor while leaving task-dependent encoding unaltered. Future experiments recording spiking activity in auditory cortex while manipulating claustrum firing will provide definitive answers to these questions.
Several decades ago, there was a surge of electrophysiology studies identifying and characterizing the visual and auditory responses of claustral neurons [15] [16] [17] . More recently, it was shown that claustrum neurons are especially active during the change of the visual or auditory stimuli, suggesting claustrum neurons signal change detection, or in some sense, novelty [18] [19] [20] . In the Atlan et al. [7] work, the auditory distractor was presented for the first time during the test trials, at the same time claustrum neurons were being suppressed. Therefore, the distractor may also be perceived as a novel sensory stimulus. Taking into consideration the results of previous electrophysiology studies, the claustrum is likely to be activated by the distractor, as it represents a novel change in auditory information entering the brain. Under baseline/control conditions the claustrum may help the mouse quickly learn that the distractor is innocuous and can be ignored. Within this framework, the claustrum may 'teach' the cortex about the saliency of the stimulus. When the claustrum is suppressed, the distractor may continually be deemed as a novel unknown stimulus, forcing attention to be diverted to the distractor rather than the task related cues.
Collectively, the results of Atlan et al. [7] provide exciting new insights paving a way forward on the quest to understand how the claustrum participates in brain function. Several questions arise from this work. First, what are the cellular and synaptic mechanisms in the cortex that mediate claustrocortical communication? Second, how does claustrum activity dynamically change the firing of the cortical ensembles required to execute goal-directed behavior? Third, what is the resting state firing pattern of claustrum neurons, and how does activity change as a function of task complexity? These new results provide a foundation for future work and the methodology will provide a valuable starting place for those interested in digging deeper into how the claustrum participates in higher cognitive processes. When ingested by a mosquito, the malaria parasite relies on an unusual form of gliding motility to escape from the rapidly deteriorating blood meal. A new study on an atypical malaria guanylyl cyclase reveals the importance of spatiotemporal regulation of cGMP production in this process.
Guanylyl cyclases (GCs) catalyse the conversion of guanosine triphosphate to cyclic guanosine monophosphate (cGMP) and pyrophosphate, and are key components of signal transduction cascades. cGMP levels regulate signalling cascades through various effectors, including cGMP-dependent protein kinases, cGMP-regulated phosphodiesterases, and cyclic nucleotide-gated ion channels. These effectors are involved in the regulation of numerous processes, including vascular smooth-muscle motility, intestinal fluid homeostasis, and retinal phototransduction. GCs exist in two main forms in well-studied metazoans, yeasts and plants. The receptor form displays a single membrane-spanning domain that binds directly to extracellular ligands such as peptide hormones, whereas the soluble cytosolic forms are activated by membrane-soluble nitric oxide [1] . GCs have also been identified in more basal eukaryotic lineages such as Tetrahymena, Paramecium, Dictyostelium and Plasmodium [2] . These 'atypical' multimembrane spanning GCs contain two cyclase domains that are inversely arranged in a topology similar to that of mammalian adenylyl cyclases. Protozoan GCs additionally contain an aminoterminal P4-type ATPase-like domain, the function of which remains elusive [3] . A new study by Gao et al. [4] in this issue of Current Biology brings new insight into the function of this atypical GC topology, showing that it is required for the correct spatiotemporal synthesis of cGMP during the early stages of malaria transmission to mosquitoes [4] . Malaria is a major public health problem caused by Plasmodium parasites and transmitted by female Anopheles mosquitoes. Malaria parasites critically depend on an unusual form of gliding motility to colonise their hosts and invade cells. Transmission of malaria to the mosquito, for instance, relies on the ability of the motile zygote, the ookinete, to glide towards and invade the midgut epithelium ( Figure 1A) . One of the two Plasmodium GCs, GCb, was previously shown to be essential for ookinete gliding through the activation of the cGMPdependent protein kinase G [5] [6] [7] . However, the geography of cGMP signalling remained elusive. In the new work, Gao and colleagues [4] studied the molecular function of GCb in P. yoelii, a causal agent of rodent malaria and a genetically tractable model whose complete life cycle can be readily studied under laboratory conditions. Remarkably, the use of a CRISPR/Cas9 approach that was recently implemented in P. yoelii by the same group [8] raised the bar for experimental genetics in this parasite and generated an impressively large number
